Background and objectives: While peritoneal dialysis with icodextrin is commonly used in patients with poor peritoneal membrane characteristics, the data on the usefulness of this solution in patients with lower transport characteristics are limited. The study was designed to compare icodextrin to glucose in Chinese prevalent peritoneal dialysis patients of different peritoneal transport characteristics (PET) categories.
C
ontrol of water and control of solutes are the main goals of current dialysis therapies. In continuous ambulatory peritoneal dialysis (PD), where the peritoneal membrane functions as an endogeneous filter, peritoneal membrane transport characteristics are paramount. Interestingly, clinical experience and scientific studies (1, 2) have shown significant differences in these characteristics between Asian and non-Asian patients. Peritoneal membrane function (D/Pcr) in Asian patients is much lower than in non-Asian patients. Indeed, as peritoneal transport is an independent predictor of patient and technique survival (3), the well-known difference in these parameters between Asians and non-Asians on PD may at least partly be due to differences in the peritoneal cavity.
In PD patients, loss of peritoneal membrane integrity gradually occurs with PD therapy and leads to decreased ultrafiltration (UF) (4) . This is commonly countered by the introduction of colloid icodextrin solution in the PD regimen (5) (6) (7) (8) (9) . However, icodextrin was recently introduced in Asia and is not available in mainland China. Thus, there is a paucity of data regarding the performance of this compound in Asian patients, with their unique transport characteristics.
We conducted a randomized, controlled multi-center trial comparing icodextrin and glucose in ethnically Chinese patients, focusing on short-term improvement of ultrafiltration in different peritoneal transport characteristics and metabolic changes.
Materials and Methods

Patients
Prevalent PD patients stable during at least 90 d were included in the study. Inclusion criteria were: (1) age 18 yr or older; (2) CAPD patients, with a minimum of 6L of daily 2.5% Dianeal® (Baxter China Ltd., Shanghai, China) PD-2 or PD-4 dialysate with a night dwell above 8 h; and (3) a night dwell volume of 2L for a minimum of 30 d before inclusion. Exclusion criteria included: (1) documented anaphylaxis with icodextrin; (2) concomittent chronic diseases such as hepatitis, malignancy, severe cardiac diseases, etc.; (3) ongoing infection or known infection within the last 30 d; and (4) planned or ongoing pregnancy. Participation in another clinical or drug trial concurrently was not allowed.
Seven hospitals from different parts of China participated in the study, and the study protocol was reviewed and approved by the Ethics Committee of each one. Informed consent was obtained from all patients before their participation in the trial. The protocol was registered in ClinicalTrials.gov (ClinicalTrials.gov number: NCT00725517). The hospitals were Shanghai Renji Hospital, Peking University First Hospital, The First Affiliated Hospital of Sun Yat-sen University in Guangzhou, Beijing Friendship Hospital, Peking Union Medical College Hospital in Beijing, Shanghai Ruijin Hospital, and Shanghai Changzheng Hospital.
Two regiments of dialysate were used in night dwell: 7.5% icodextrin (Extraneal®, Baxter China Ltd.) (ICO group) and 2.5% glucose (Dianeal®, Baxter China Ltd., Shanghai, China) (GLU group). The doubleblind status of the study was maintained by labeling the dialysates identically with the words "investigational drug product." Dialysates were coded only with numbers and stored in a certain place. Randomization was done using a computer program that generated numbers instead of treatment assignments. When a patient was randomized, dialysates with the right number were transported directly to the patient's home. Neither doctors nor patients knew the dialysate regiment. Envelopes that contained the number corresponding to the dialysate regiment were held by personnel not directly involved with the study, and could be opened only in an emergency.
After they agreed to join the study, patients were assessed for peritoneal creatinine clearance, peritoneal transport characteristics (PET), UF volume in night dwell, and blood biochemistry within a week. UF volume was calculated by volume of drain out minus volume before fill in. After the baseline index was assessed, research drugs were transported to a patient's home and were used as night dwell. Adverse events were recorded continuously.
Measurements of Peritoneal Characteristics and Dialysis Efficacy
After an overnight dwell, we assessed drain volume and levels of glucose, creatinine, and urea in the dialysate, as well as vital signs and drained body weight. Blood samples were drawn and immediately sent for analysis. Long dwell UF volume, long dwell peritoneal creatininine clearance, and peritoneal urea nitrogen clearance were calculated (5).
A standard PET was performed at baseline to evaluate a patient's PET. The ratio of creatinine in the dialysate to plasma after a standardized 4-h dwell (D/Pcr) was used to classify transport according to Twardowski (10) .
Statistical Analyses
Based upon a power calculation using previously published data (5), and with input from the Chinese State Food and Drug Administration, at least 200 patients were to be enrolled. Patients were randomly assigned to treatments by a computer-generated block randomization scheme, using a 1:1 ratio. Analyses of safety variables were conducted in the intention-to-treat population (ITT, all patients who were randomized to treatment and received at least one exchange of study solution). Efficacy variables were conducted in both the ITT population and per-protocol (PP, finished trial according to protocol) population. A repeated-measures analysis of covariance was used to evaluate differences between treatment groups for the efficacy variables.
Treatment effect was conducted at ␣ ϭ 5%. P values Ͻ0.05 were considered significant. For continuous parametric variables, values were reported as mean Ϯ SEM, while for continuous nonparametric data, the median (interquartile range) was used. A paired t test was used to assess differences in parametric variables over time, while Pearson's 2 test and Fisher's exact test were used to assess categorical data. All analyses were performed using SAS software, version 8.2 (SAS Institute, Cary, NC).
Results
Patients' Characteristics
A total of 201 patients were enrolled in the study. There were 96 males and 105 females, with a mean age of 56.1 Ϯ 13.7 yr (range 18 to 81 yr). Eighteen patients (9%) dropped out ( Figure  1 ). During the whole study period, double-blind maintained well, and no events needed to break the blind. Table 1 shows baseline characteristics of the patients. There was no significant difference in either clinical, biochemical, or peritoneal transport characteristics between the groups.
Adverse Events
One patient died due to a traffic accident. There were two episodes of bacterial peritonitis in the ICO group, which resolved following antibiotic treatment but resulted in patient censoring. A total of ten episodes were defined as related to drugs. Table 2 shows events related to drugs There were no statistically significant differences between the two groups in the incidence of adverse events.
Changes of Peritoneal Creatinine Clearance
Although peritoneal creatinine clearance (CCr) had a tendency of lower numerical value in the ICO group at baseline, it was significantly higher in the ICO versus the GLU group (3.53 Ϯ 0.77 ml/min versus 3.02 Ϯ 0.80 ml/min, P Ͻ 0.05) after 4 wk. Also, compared with baseline, the increase of net peritoneal CCr was higher in patients with peritoneal higher transport than in those with lower transport. Changes in peritoneal CCr during the study grouped according to initial PET are shown in Table 3 . The results in the PP population were similar to those in the ITT population.
Changes of Ultrafiltration Volume
After both 2 and 4 wk, UF was significantly higher in the ICO versus the GLU group (shown in Figure 2 , P Ͻ 0.001). Data on UF in two groups grouped according to PET are shown in Figure 3 . In baseline, UF differed according to peritoneal transport status. Figure 1 . The flow of study subjects in the study.
High transport patients had the least UF volume. After ICO treatment, patients with low-average (LA), high-average (HA), and high (H) transport all significantly increased compared with baseline and GLU group, while we saw no significant increase in only L transporters. The extent of increased UF in the ICO group was more obvious in high transporters, as shown in Table 3 .
Metabolic Parameters
While baseline levels of fasting blood glucose, cholesterol, and triglycerides did not vary between the groups following treatment, 4-wk blood cholesterol levels in the ICO group decreased significantly as compared with the GLU group (Table 4) . There was no significant difference on fasting plasma glucose between the two groups either at baseline or following treatment.
Discussion
In the first large-scale randomized study comparing icodextrin to glucose solution for the long dwell in Chinese peritoneal dialysis patients, we report that use of icodextrin was associated with a significant increase in small solute clearance and UF, even in patients with LA transport.
While PD with icodextrin will soon be available to China's 13,000 PD patients, there is a paucity of data regarding the performance of this compound in this patient group. Altogether, there are some randomized controlled trials (RCTs) of icodextrin, and these mainly include Caucasian and Latin patients. Wolfson et al. (5) showed in a multicenter study in North Americans (2% Asians) that icodextrin is superior in Ccr and UF to glucose in this population, data that the present study now extends to Chinese patients. Finkelstein et al. (6) reported a significant increase in both UF and Ccr after switching to icodextrin in North Americans and Australians (4.3% Asian). Finally, a small number of nonrandomized studies looking at icodextrin in Asian patients have all suggested various benefits but are limited by their designs (11) (12) (13) .
Our result showed the extents of increased UF volume were different among four transportors after using icodex- (14) evaluated the difference in the peritoneal equilibrium test with icodextrin and glucose. They found that the higher D/P Cr patients were, the more ultrafiltration they got. Araú jo Teixeira (15) evaluated UF of long dwell (10 h) in different transport patients between icodextrin and 3.86% glucose dialysate. They found H and HA patients achieved a higher ultrafiltration with 7.5% ICO than with 3.86% GLU. On the opposite, low and low-average transport patients in ICO got a significantly lower ultrafiltration compared with 3.86% GLU solution. So now icodextrin's excellent effects on UF were only showed in higher transport patients. As a result, icodextrin has been used as a salvage therapy in high transport peritoneal dialysis patients who often suffered with refractory fluid overload until now (6 -9) .
The most important finding of the present RCT study is that icodextrin can improve UF and small solute clearance not only in high and high-average transport but also in low-average transport patients as compared with 2.5% glucose. That means icodextrin can also be used in lower transport patients with fluid overload. Some RCT studies only select special transport patients. In Finkelstein's study (6) , only higher transport patients (D/P Cr Ͼ0.7) were included. Low and low-average transport patients were excluded. Wolfson et al. (4) did include all kinds of transport categories, but found no effect of icodextrin in those with low or lowaverage transporter. The reasons are not clear. This is of particular interest as the proportion of LA transporters appears to be greater in Asian PD patients than in other groups (1, 2) . Whether this is due to genetic factors (16) or unknown factors needs further studies.
Besides a beneficial effect of icodextrin versus glucose in solute and fluid removal, we found that blood cholesterol levels decreased significantly following 4 wk of icodextrin therapy, but did not change following glucose therapy. Although the decrease of serum cholesterol is rather small, it has statistical significance. If we prolong duration of the study, the benefit may be more obvious and have clinical significance. These data thus support previous studies showing an increased prevalence of the metabolic syndrome in Chinese patients treated with glucose-based PD for 1 yr (17), as well as other long-term studies in other ethnic groups demonstrating an improvement in dyslipidemia, insulin resistance, and metabolic syndrome with icodextrin (18 -20) .
A number of weaknesses should be acknowledged and considered when interpreting the results of the present study. Most important is the short study duration (4 wk), which precludes us from knowing if the observed benefits are stable over time, as well as reporting on any putative long-term side effects. Also, we did not assess the potential impact of the observed biochemical changes on residual renal function, patient morbidity, and mortality.
In conclusion, in the first large-scale randomized trial comparing icodextrin and glucose in Chinese PD patients, we report that icodextrin may also improve the UF profile in Chinese patients, even those with a low-average peritoneal transport.
